Variation in the nutritive value of forages with maturity has been extensively researched (Buxton and MerForage yields are influenced by plant response to defoliation. We tens, 1995; Sollenberger and Cherney, 1995) and shifts examined the photosynthesis and nutritive value of first (first leaves) in proportions of leaf and stem during maturation of and third (third leaves) fully expanded leaves (numbered from the the forage crop often explain variation in nutritive value apex) in three warm-season (C4) grasses. Net photosynthetic rates at uniform temperature and light both before and after a 2-wk exposure (Buxton and Mertens, 1995) . Greater variation in yield to full sunlight and the effect of leaf position on nutritive value were than in nutritive value has been associated with environ- 
Typic Hapludults). Bermudagrass had the greatest level of crude pro-
The severity of defoliation in a grazing system could tein (CP), followed by panicgrass and bluestem. Fiber was greater in be managed to retain a portion of the older leaves lower the first leaves than in the third leaves for bermudagrass and panicgrass in the pasture canopy if they remain photosynthetically but not for bluestem. Photosynthetic rates of panicgrass and bluestem third leaves estimated 2 wk after defoliation of the surrounding canopy productive. Variation of nutritive value among canopy were less than estimates made before defoliation in the first leaves leaves may also impact the diet of the grazing animal as but were similar to the third leaves before canopy defoliation. The defoliation is managed since the uppermost and younger third leaves of bermudagrass 2 wk after defoliation had lesser photoportions of the canopy would be preferentially removed.
synthetic rates per unit chlorophyll than the first or third leaves before
The objectives of this study were to test for variation ent sunlight following defoliation of the surrounding canopy. Comparisons of photosynthetic rates among the warm-season (C 4 ) grasses were of less interest than the G rass canopies contain dynamic populations of relative response to the 2-wk exposure period. Nutritive leaves with growth and senescence taking place value of the first and third leaves was estimated as supsimultaneously. The youngest leaves are often near the porting data by measuring leaf IVDMD, CP, and Van top of the canopy and reach their maximum photosynSoest fiber fractions. thetic ability by full expansion (Jewiss, 1965; Murchie et al., 2002) . Grazing often results in the selective removal of young leaf tissue and grazing systems can be MATERIALS AND METHODS managed to vary the residual leaf area. New leaf tissue Field Methods is formed in response to defoliation and some studies Three forage species (bermudagrass, caucasian bluestem, have reported increased photosynthetic rates in the reand Atlantic coastal panicgrass) were established a year before maining older leaves (McNaughton, 1983; Wallace et al., the research on a Cecil clay loam near Raleigh, NC. These 1984; Briske, 1986 ) but other studies have reported no three treatments were established in a randomized complete increase in net photosynthesis after defoliation (Detling block design with two replicates. The plots measured 25.6 by and Painter, 1983; Ryle and Powell, 1975) . Murchie et al. 8 .5 m and were sampled over 2 yr. Within these plots, we (2002) , in a study with a C 3 grass, suggested that leaf selected leaves to represent the leaf classes studied.
age was dominant in limiting photosynthesis in the upPlots were burned in late winter and allowed to regrow beper portions of the canopy while acclimation to light fore sampling. Weeds were controlled using 2,4-D (2,4-dichlorophenoxyacetic acid) and was dominant in the lower portions of the canopy. Samples of first and third fully expanded leaf lamina were that those in the second year (37 vs. 39 mol d Ϫ1 ) but relative collected from each plot once in the first year and after examinhumidity (83 vs. 63%) was greater in the first year than in the ing a preliminary analysis of variance and logistics we sampled second year.
twice in the second year. Samples were quick-frozen in liquid N, freeze dried, and ground to pass a 1-mm screen. Crude pro-
Physiological Measurements
tein (AOAC, 1990) , IVDMD (Tilley and Terry, 1963; Burns and Cope, 1974) , neutral detergent fiber (NDF), and acid Specific leaf weight (g m Ϫ2 ) was estimated by determindetergent fiber (ADF) (Van Soest and Robertson, 1980) were ing the area of a leaf sample of at least 500 cm 2 from each determined. Hemicellulose was estimated as the difference plot (Delta-T Devices LTD, Burwell, Cambridge, UK) and between NDF and ADF. then drying the sample at 75ЊC for 24 h. Plots were sampled once in the first year and after examining a preliminary analysis
Statistical Analysis
of variance and logistics the plots were sampled twice in the second year to estimate specific leaf weight.
The experimental design utilized the three forage species The percent transmission of PAR was determined with quanarranged in a randomized complete block. The data were anatum radiation sensors. Fifty measurements were recorded per lyzed over years with years as a random effect and forage plot with sensors set in full sun and adjacent to the third leaf species and leaf classes as fixed effects (SAS Inst., 1979) . from the apex of a tiller at each measurement site. Percent
Treatment and interaction effects were tested with a least transmission was estimated twice in the first year and after significant difference (LSD) test (P ϭ 0.10). The decision to examining a preliminary analysis of variance and logistics test at a P ϭ 0.10 was made a priori based on the small the percent transmission was estimated four times in the secsample size (n ϭ 16 for chlorophyll, 24 for photosynthesis ond year.
and 12 for fiber fractions). Tests were based on expected mean In the second year, chlorophyll content was estimated four squares and the split-block treatment ϫ year interaction sum times for the first and third leaves, and also for third leaves of squares were pooled with the default error term when no 2 wk after defoliation of the surrounding canopy by extracsignificance was indicated by an initial F-test. When the splittion with N,N-dimethylformamide and absorption at 664 nm block interaction with years was significant, synthetic F-tests (chlorophyll a ) and 647 nm (chlorophyll b ). Chlorophyll a were performed with estimated degrees of freedom (Satterand b concentrations were estimated using Moran's equations thwaite, 1946; Gaylor and Hopper, 1969) . Linear regression (Moran, 1982) .
was also used to test for relationships among the variables. During the summer (mean temperature 25ЊC), to test for photosynthetic response, two sets of paired first and third
RESULTS AND DISCUSSION
leaves were selected and cut from each plot during the morning (before 900 h). Leaves were placed between layers of damp grass in which first leaves had the greater ratio while An in vitro system was used to provide reproducible condithird leaves and third leaves after the re-exposure period tions for estimates of net photosynthesis (Delieu and Walker, were similar. After the re-exposure period, the third leaf 1983; Akhkha et al., 2001) . Leaf segments were removed from chlorophyll ratio of bluestem was greater than the value the center portions of the first, third, and re-exposed third estimated for the third leaves before the 2-wk period leaves for each of the species. Two samples from each plot and may reflect a reorganization of chlorophyll in rewere placed in a sealed chamber and dark-adapted for 1 min.
sponse to greater PAR (Sukenik et al., 1990 ; De la Torre
The leaf segments were then illuminated with approximately and Burkey, 1990).
2000 mol m Ϫ2 s Ϫ1 PAR in a gas mixture containing 300 mol mol Ϫ1 CO 2 at 25ЊC for 3 min. The change in oxygen concentraTotal chlorophyll on a leaf area basis (g m Ϫ2 ) differed rates in the re-exposed third leaves noted for the overall per plot, and four field samples (n ϭ 16).
leaf effect only occurred in bermudagrass. Photosyn- ‡ NS ϭ no difference; MP ϭ species comparisons in same or different leaf class; sp. ϭ leaf class comparisons in same species.
thetic rates before and after re-exposure in the third leaves of bluestem and panicgrass were similar. This may indicate a potentially greater contribution from the third rather than morphological differences are assumed to play the major role in the differences between the speleaves of these two species during regrowth after partial defoliation exposes an older population of leaves.
cies. However, comparisons of species must be made with caution when using this methodology of estimating Photosynthesis main effects existed for species and leaf position expressed on a leaf area basis but no interphotosynthesis (Akhkha et al., 2001) . As was the case when expressed on a chlorophyll basis, leaf photosynaction was present. On a leaf area basis, bermudagrass had the greatest net photosynthetic rate followed by thetic rates declined from first to third leaves and also to re-exposed third leaves on an area basis. The lesser panicgrass and bluestem. Because of the high levels of CO 2 (300 mol mol than bluestem and panicgrass, which were similar (Table 3). First year ADF was greater than second year; howgreater photosynthesis of the first leaves may have been the result of the younger tissue and adaptation to a ever, in the second year ADF decreased 43 g kg Ϫ1 for bermudagrass and bluestem, and only 14 g kg Ϫ1 for panicmore favorable light environment.
A species ϫ leaf interaction occurred for respiration grass, resulting in an interaction between species and year. This may have been related to environmental variation. (Table 2 ) because bermudagrass and panicgrass leaves showed similar relationships between respiration and Bermudagrass had the greatest concentration of hemicellulose followed by panicgrass and bluestem in both leaf position while bluestem responded differently. Bermudagrass and panicgrass had greater respiration rates years (Table 3) . Hemicellulose in the second year was greater than in the first year for bluestem, but not for for first leaves and re-exposed third leaves when compared with third leaves. In bluestem, respiration in third bermudagrass or panicgrass. Bermudagrass hemicellulose was greater in concentration for both first and third leaves after re-exposure was greater than in first leaves.
leaves followed by panicgrass and bluestem (Table 4) . A leaf class ϫ species interaction occurred because the
Nutritive Value
first and third leaves of bluestem had similar concentraBermudagrass had the greatest level of CP (163 g tions of hemicellulose, while bermudagrass and panickg Ϫ1 ), followed by panicgrass (140 g kg
Ϫ1
) and bluestem grass first leaves had greater concentrations of hemicell-(113 g kg
), but all three levels were Ͼ70 g kg Ϫ1 and ulose than third leaves. are generally considered adequate for beef production Estimates of digestibility (IVDMD) did not vary among (Buxton and Mertens, 1995) and no interactions occurred species and yet fiber concentration (NDF) and composifor these data (data not shown). The overall IVDMD tion (ADF and hemicellulose) did. These results infer was lower in the first year (582 g kg Ϫ1 ) than the second that a relatively greater proportion of bermudagrass fiber year (638 g kg Ϫ1 ). The increased rainfall and irrigation in the leaf lamina was digestible. This was consistent with in the second year along with the observed greater PAR the lower ADF and greater hemicellulose of bermudamay have resulted in this difference. No species or grass. year ϫ species interaction was found (Table 3) .
There were species ϫ year interactions for estimates
Association of Photosynthesis and Hemicellulose
of NDF but the interaction was the result of minor variation from year to year (Table 3) . Bermudagrass A positive relationship was found between photosynthesis and hemicellulose (Fig. 1) . It is possible the obhad the greatest concentration of NDF, and in the first year was 42 g kg Ϫ1 greater than the second. Both blueserved relationship is simply related to the three species selected for the experiment. As indicated in Fig. 1 , stem and panicgrass decreased by approximately 10 g kg Ϫ1 NDF between years and bluestem had the lowest bermudagrass had the highest photosynthetic rates and hemicellulose concentrations followed by panicgrass and overall NDF concentration. A species ϫ leaf interaction occurred because NDF declined between the first and bluestem. Care should be exercised in species to species comparisons when using this method of estimating phothird leaves of bermudagrass and panicgrass, whereas the first and third leaves of bluestem were similar (Tatosynthetic rates (Akhkha et al., 2001 ). The strong relationship of hemicellulose to photosynthesis may be assoble 4). This was likely a differential response to the greater moisture and PAR in the second year.
ciated with the anatomy of these C4 grasses. For example, it is possible that hemicellulose concentration Averaged over years, bermudagrass had less ADF
